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1 
This invention relaies .to sulfuric acid esters 
of hyaluronic acid and to processes for the prepa- 
ration thereof. More particularly, this inven- 
tion relaies to new products obtained by esteri- 
fication with chlorosulfonii acid and fuming sul- 
furic acid, particularly aS low temperature, of 
hyaluronic acid obtained from mammalian ris- 
sucs. 
I have discovered that the sulfuric acid esters 
of hyaluronic acid from mammalian tissue have 
certain propertie which may make them useful 
agents in the preparation of medicinal, thera- 
peutic, and pharmaceutical compositions. For 
example, these esters of hyaluronic acid are use- 
ful as inhibitors for the enzyme hyaluro*idase. 
Furthermore, certain of the substances of this 
invention are useful in preventing coagulation of 
whole blood and possibly in the prevention of 
anaphylaxis. 
Hyaluronic acid is a mucopolysaccharide which 
constitutes part of the connective tissue of cells 
of animals and humans. If is composed for the 
most part of glucuronic acid and acetylglucos- 
amine. A specific enzyme, hyaluronidase, exists 
in cerSain bacteria, venoms, spermatazoa, and 
other sources and may play a role in the process 
of invasion of cells and tissues by depolymeriza- 
tion of hyaluronic acid, the ground substance of 
connective tissue. Hyaluronic acid has been iso- 
lated with varying properties from umbilical 
cords, sldn, vitreous humor, synovial fluid, tumors 
and haemolytic streptococci. 
Hyaluronidase is believed to take part in a 
number of important processes, including con- 
ception, and invasion by pathogenic organisms. 
If is also believed fo be a factor in rheumatoid 
arthritis, causing reduction in viscosity by hydrol- 
ysis or depolymerization of the ground substance 
of the human mesenchyme in which rheumatic 
processes are predominantly manifested. Inhibi- 
tors of the enzyme hyaluronidase are of pos- 
sible value as contraceptives and for the preven- 
tion of invasion by micro-organisms, and also 
as therapeutic agents in the treatment of arth- 
ritis. If is the object of this invention to pro- 
vide such enzyme inhibitors and also efficient 
methods for their production. 
The formation of sulfuric acid esters of hyalu- 
ronic acid from mammalian tissues can be carried 
oui under a ,ariety of conditions. If is possible 
to react hyaluronic acid in pyridine with chloro- 
sulfonic acid ai elevated temperatures in the 
range of 50-100 ° Centigrade. More preferably 
She reaction ls conducted ai about 50 ° C. in form- 
amide and pyridine with chlorosulfonic acid. A 
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more simple and eeient method involves the 
reaction with chlorosulfonic acid or with fuming 
sulfuric acid ai low temperatures in the range 
of --20 ° to 10 ° C. After the esterificaSion reac- 
5 tion has been completed (usually within a few 
minutes) the reaction mixture is poured into ice 
water, neutralized with alkali, and the resulting 
aqueous solution is dialyzed to remove salts and 
then concentrated under high vacuum aS low tem- 
10 perature to produce a fine white, or nearly white, 
dry powder of the alkali metal sali of the sul- 
furic acid ester of hyaluronic acid. The alkali 
metal salis of the hyaluronic acid sulfuric acid 
esters may also be precipitated from aqueous 
15 alkaline solutions by the addition of several 
volumes of alcohol or other precipitant. 
The alkall metal and alkaline earth salts of 
the hyaluronic acid sulfuric acid esters are pre- 
ferred forms of my invention. Such salis are 
20 light-colored, fine powders which are readily 
soluble in water and suitable for medicinal ap- 
plication. The free acid form of the sulfuric acid 
esters of derivatives of hyaluronic acid can be 
prepared by dialyzing solutions of the metal 
25 salts after acidification with mineral acid, and 
evaporation ai low temperature under high vacu- 
um. The sulfuric acid esters of hyaluronic acid 
from mammalian tissue, which comprise my in- 
vention, have low relative viscosities in the range 
30 of 1.01 to 1.2. These derivatives are all soluble 
in water, in % saturated ammonium sulfate, 
and 80% alcohol, but are insoluble in the pres- 
ence of excess cations in alcoholic solutions of 
greater than 40% strength. They are soluble in 
35 1 N acid and in 1 N alkali. They axe inhibitors 
of the enzyme hyaluronldase, having an activity 
factor of about 2 ai a concentration of 0.1 g./l. 
The alkall metal salts of compounds of this in- 
vention show on analysis nitrogen values rang- 
40 ing from .1.5 to 2.1%, aceSyl values of 3 fo 6%, 
glucosamine values of 12 to 22%, and sulfur 
values of 6 to 15%. The sodium salts having 
sulfur contents of 10-15% are preferred embodi- 
ments of my invention. The free acid esters bave 
45 sulfur contents in the range of 12-16%. 
The relative viscosities of the products of this 
invention are determined by the meShod of the 
Hadidian and Pirie application Serial No. ô,014, 
filed February 3, 1948. The inhibition factors, 
50 that is, the relative abilities to inhibit hyalu- 
ronidase, are measured by the procedures of the 
saine application. The hyaluronic acid prepaxa- 
tions are produced according to the Hadidian and 
Pirie application Serial No. 6,015, filed February 
55 3, 1948, now Patent No. 2,585,546. 
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The following examples indicaçe in detail the F, xample 6 
methods of preparing compounds of this inven- Hyaluronic acid is dried by sublimation and 
tion, and illustrate the properçies of representa- cooled to between --5 ° C. and --15 ° C. Forty fo 
rive compounds. These examples are provided sixty parts of chlorosulfonic acid are cooled to be- 
solely for the purpose of illustration and are 5 tween --5 ° C. and--15 ° C. and then added to the 
intended .in ixo ,ày to limit the invention_ in co!d: hylurorïic id, rbCixture being kept. ai 
spirit or ïn s6ope, about --15 ° C 'to-5 ° C. fr7 minutes. The 
Example i action mixture fs then poured vith good agita- 
tion into several hundred parts of crushed ice. 
A mixturi of 7 mfllimetirs of chlorosulfonic 10 .... 
acid and 30 ml. of dry pyridne fs coolid to 0 ° i :  'Ame m]xmre']s neutralized with 10 N sodium hy- 
-- " " d0:ide'àiïddályzed to remove salts. The 

To this are added 2-3 grsns of dry, fmely pow  
dered hyaluronic acid from human umbilical 
cords. The resulting suspension fs heated to 
100 ° C. for about 45 minutes, during which ime 15 
most of the hyaluronic acid goes into solution. 
The reaction mixture fs emptidnt0 200 ml. of: 
cold water and the pyridine salt of the hyaluqnfi 
acid sulfuric acid estir fs precipitated, by the 
addition of several volumes of alcohol. The pre 2 20 
cipitate fs removed and dissolved in dflute sodium 
1wdrxide  slution. The " 46dium salt of the 
halunî. açid s]fUric aid ester fs precipitated 
b thë addition-of:êveral volumes of alcohol. 
The Prodct 'tlïùs Obtined froma medium vis 25 
c0ity'hluroïc"aCi(f conains 3.12% N, 6;08 
S, ad ves. a-residue (mainly sodium sulfate) 
Exap!e.  
,, medium viscosity hyaluronic acid fs ester- 
fied; acdor'ding to i Examile 1, the reaction rime 
g i00 °. C.being 60' miniltes. The-sodium salt 
0ï the hyaluronic acid sulïuric acid ester so 
tCned contains - 13,33% S and gives a residue 35 
(minly "sodiufli sulfate) ón. combustion oï 
28.95%. 

dialf.ëfff s61fition«i ' concentrated at ordinary 
temperature, in vacuum, and the resultñ]g so- 
diUm Si::"...he"hygluronic acid sulfate acid 
esëeç_ed:.with several volumes of al- 
cohol. e precipite fs redissolved, dialyzed, 
an: rieff--b-simulation, and contains on analy- 
siç2ïS N, 11.9% S and gives a residue of 34.0. 
Example 7 
Low viscosity hyaluronic acid fs treated with 
chlb&uicïd::adording ço Example 6 or 
15::Uoes'-  :« ç,çib : 15 ? C. The salt pro- 
dè:ïgïYs i.84 N, 4.S% acetyl and 12.9% S. 
onEniin(- ït: lêég30:03  esidue 
xape 8 
Hyaluronic acid Irom pigumbflical cord fs re- 
acted as in Exple 6 for 1 hour whfle the m- 
pëarè'rise m- m20 « c:  =5. c. The salt 
sp:olted:e gsg 2.0% : N, 1.5% glucosamine, 
5.-cë)l a9:0%"S and leaves 23.43% resi- 
duë. eeiatïvê iseosit 5 a solution of 1.0 
g.Il/fs :l:06:=ë-inïb{tion £aco{ is 2'.5 at 0.1 
g./I. ...... ' " " :"- ::--:' -. " " 
:: Example 9 

Exampl¢. 3. 
A low. viscosity, hy.a!uronic acid from human 
umbilicaL cords fs converted fO thé sulfuric acid 40 
ester/according fo_ the pr.o_cedure, o.f Example 
Tte sodium sali Of this pr.oduct contains 2.21% 
S,3.68% N and_giv_es,a residue, of 11.46% on ig- 
nitior 
Example 4 
Hyalur.onic. acid. from human umbilical cords 
fs. dried by_ sublimu.tion and mixed with form a- 
roide (40 ml. o£ formamide per grain of hyalu- 
onic acid), and kept at 50 ° C. until, a viscous so- 
lution fs obtained. To this fs added an equal 
vo!urne. 0 pyidine and /a volume, of chlorosul- 
fonic aoid. The mixture fs ke!t at 50 ° C. with 
occaSional agitatio for 2 hours, and then em- 
tied into cold v/ater (200. ml, per g. of hYaiù= 55. 
ronic, acid used).. If necessary, additional so- 
dium chloride fs. added fo this mixture to raise 
the concentration of sodium ions. Alcohol fs 
added until the precipitation of hyaluronic acid 
sulfuic acid ester is cornplete. This precipitate 60 
fs dissoved, neutralized with sodium hYdroxide, 
and reprecipitated by the addition of several 
Volumes of alcohol. The latter precipitate s tek 
moved and dried in vacuum. The sodium salt 
so obtaired fr0m ïnedium viscosity hyaluroixic 
acid contains 3.0% , N, 8.89% S, 6.3% acetyl, and 
leaves  çesidue (.consisting mainly of sodium 
sulfate), o.n. ig.nition of 26.9%. 
Examl?le 5 
A low vs_¢osity hyalurqniç acid £rom human 
umbilical cords Sul£natd accprding t0 he 
me_5d qf Eampl e 4 g!ves a sodium salt, of 
al.uroaiç acid sufuric cd ester containing 2.55% 
lV and 5.84% acetyl, 

A high visc.osiW hyallronic acid from human 
corÏ ï tetë. "thé hJëthbd of Example 6 for 
sal fs isolated as in Example 6 and assays 1A8% 
 eiaë 'is8oit-of.'his-sait at a concen- 
Example i0 
A g viçoçy., hylronic acid from 
cord "donvërd- hg f]Iùric acid ester änd 
(hd:p.Uçffieo'" a£:is is01aed by the meth- 
6ds.0£ amplë"6.''-'esalt assays 1.8% N, 4.2%. 
àcetyl: 16.% glOcosï,"9.82% S and 25.54 
ash on nition. é'réiative viscosity of a so- 
Example 11 
w viscosity hyaluronic acid from vitreous 
hu8 ïëtïë isêteifiea With chlorosulfomc 
 um al:i:ï81ded: gin::amPie 6 and assays 
.6 N;' 4.4% aCëtyl; 13 glucosine, 13.14% S 
gh viscosity hyu0q acid fs converted  
te Çulfpi çj etç çqp_ st as in Exple 6. 
The salt assays 1:9 N, 5.83 cetyl, 19.1% 
tie scy at l- g.. is 1.10 and i inhibition 
' - ExampZv 13 
 yiç.9,ç $ ç!oçç açid in the form of a 
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dry powder is cooled to --10 ° C. Sixty to eighty 
parts of fuming sulfuric acid (20% free SOs) are 
cooled to --10 » C. and added to the hyaluronic 
acid. The temperature is kept at --10 » C. to 
--5 ° C. for about 10 minutes. The reaction mix- 
ture is then poured into several hundred parts 
of crushed ice and neutralized with dilute alkali. 
The resulting solution is dialyzed and the dialyzed 
solution is concentrated under vacuum. The 
alkali metal salt of the sulfuric acid ester of 
hyaluronic acid is precipitated by the addition of 
several volumes of alcohol. A sodium salt 
tained in this way assayed 1.74% N, 5.08% 
acetyl, 14.4% glucosamine, 25.00% ash and 
10.88% S. Its relative viscosity was 1.09 at 1 g./l. 
and its inhibition factor 2.6 at 0.1 g./l. 
Example lg 
A low. viscosity hyaluronic acid from human 
umbilical cords is converted to the sodium salt 
of hyaluronic acid sulfuric acid ester by reaction 
with chlorosulfonic acid at --10 ° C. to --15 ° C. 
for 15 minutes and the salt is isolated by the 
method of Example 9. This salt assays 1.86% 
N, 3.8% acetyl, 13.2% glucosamine and 12.90% 25 
S. It gives 30.03% residue. The relative vis.- 
cosity of a solution of this salt at 1 g./l. is 1.02. 
The inhibition factor at 0.1 g./l. is 1.95. 
ExamPle 15 
30 
A medium viscosity hyaluronic acid is esteri- 
fied with fuming sulfuric acid by the procedure 
of Example 13. The sodium salt of the hyaluronic 
acid sulfate thus obtained showed on assay 9.39% 
S and 24.25% ash. 
Example 16 
A medium viscosity hyaluronic acid is treated 
with chlorosulfonic acid at about --S0 ° C. The 
temperature is allowed to fise to about 5 ° C. over 
a period of about one bout. The sodium salt of 4{} 
the hyaluronic acid sulfate Is isolated as in 
ample 9. This salt on assay showed 8.64% 
and 23.75% ash. 
Example 17 
The sodium salt of the hyaluronic acid sulfate 45 
obtained in Example 5 from low viscosity hyalu- 
ronic acid is dissolved in water and acidifled with 

high vacuum and low temperature to form a 
nearly white, fluffy powder. This product is 
readily soluble in water. On analysis a samp!e 
showed 7.14 %  and 0.65 % ash on ignition. 
I claim: 
1. As a new con]position of marrer, a member 
oî the group consisting of a hyaluronic acid sul- 
fate, wherein the hyaluronic acid is obtained 
from mammalian tissue, said compound contain- 
ing 12 to 16% of sulfur, and salts thereof. 
2. An alkali metal salt of a hyaluronic acid 
sulfate, wherein the hyaluronic acid is obtained 
from mammalian tissue, said salt containing 10 
to 15% of sulfur. 
3. A sodium salt of a hyaluronic acid ulfate, 
wherein the hyaluronic acid is obtained from 
mammalian tissue, said salt containing 10 to 15 % 
of sulfur. 
4. In the process of producing a hyaluronic 
acid sulfate, the step which comprises reacting 
hyaluronic acid with an acid of the group con- 
sisting of chlorosulfonic acid and fuming sul- 
-furic acid, at a temperature in the range of about 
--20 ° C. to about 10 ° C. 
5. In the process of producing a hyaluronic 
acid sulfate, the step which comprises reacting 
hyaluronic acid and chlorosulfonic acid, at a 
temperature in the range of about --20 ° C. to 
about i0 ° C. 
6. The process of producing a sali of a hyalu- 
ronic acid sulfate which comprises reacting 
hyaluronic acid and chlorosulfonic acid ai a 
temperature in the range of about --20 ° C. fo 
about 10 ° C., neutralizing the reaction mixture, 
dialysis of the neutral solution and precipitation 
with alcohol of the salt of the hyaluronic acid 
sulfate. 
ZAREI HADIDIAN. 
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